Studies on the changes in electrical conductivity and pH during slow coagulation of ferric, chromium and aluminium tellurate sols by electrolytes M u k h t a r S i n g h and 0 . P. B a n s a l Chemical Laboratories, Agra College, Agra (Z. Naturforschg. 24 b, 659-662 [1969] ; eingegangen am 4. Februar 1969) The changes in pH and electrical conductivity of ferric tellurate, chromium tellurate and alu minium tellurate sols during their slow coagulation in the presence of KCl, K 2S 0 4 and K 3F e (C N )6 have been studied in comparison with that of the aqueous solutions of ferric chloride, chromium chloride and aluminium chloride acting as the dispersion medium (the socalled intermicellar liquid), being of the same conductance as that of the respective sol. On adding the electrolyte, the maximum changes in conductance and pH have been observed to Occur immediately indicating that the phenomena like ion-exchange, adsorption or surface neutralisation during the slow coagulation are instantaneous processes.
R a i and G h o s h 1 studied the effect of adding progressively increasing amounts of electrolyte to hydrated ferric oxide and other sols. They found that the electrical conductivity in excess of that of the electrolyte decreased. This decrease in conduc tivity continued beyond the coagulation point. They explained their results by assuming that the added anions neutralised the positive charges on the sol. This allowed additional H° ions to be adsorbed and lower the concentration of the latter in the solution till finally the surface was covered with H® ions and more anions caused coagulation. Further in a highly dispersed system, the Helmholtz layer is fainter due to large displacements arising out of Brownian movement. For larger units, however, the double layer becomes denser contributing lesser conductivity. R a b i n o w i t c h and W a s s i l i e r 2 ti trated As2S3 sol conductometrically with BaClo and found a discontinuity in the curve at a point by which they supposed that the H w ions of the double layer were completely displaced by the Ba2® ions of the electrolyte. P E N N Y C U IC K 3 explained his re sults of the conductometric titrations of the plati num sol by the following assumptions:
(1) The counter ions in the double layer are re placed by the adsorbed ions due to which the conductivity is increased and the sol becomes less stable. (2 ) Surface reactions of the added electrolytes may take place resulting in a decrease of electrical 1 R . S. R a i and S. G h o s h , Proc. nat. Acad. Sei. India 23, 48 [1954] ; 25, 190 [1956] ; Kolloid-Z. 142, 104 [1955] , 2 A. R a b i n o w i t c h and M. W a s s i l i e r , Kolloid-Z. 60, 268 [1922] , 3 S. W . P e n n y c u i c k , J. Amer. chem. Soc. 52, 4621 [1930] ; Kolloid-Z. 54, 21 [1931] .
conductivity and the stabilising ions may also be released due to decomposition of surface compounds.
Further work on the similar lines was done by P a u l i 4. B a n e r j i and J a i n 5 have dealt with the changes in pH of chromium tungstate, chromium arsenite and chromium arsenate sols. The increase in pH with the addition of K 2S 0 4 has been explained there as due to adsorption of H 30® ions on the partly neutralised surface of the sol particle, causing thereby an increase in the OH® ion concentration of the medium. By far the most universal and dom inant factor in the stability of sols is the electric charge on the colloid particles. Conducto-and pH metric study gives an insight into the physico-chemical changes taking place in the disperse system during coagula tion. Hence a study on the conductance and pH, during the slow coagulation of ferric, chromium and aluminium tellurate sols, was undertaken with a view to throw some light on the mechanism of coagulation.
Experimental
All the chemicals used were either of A.R. B.D.H or E. Merck quality.
The tellurate sols of iron, chromium and aluminium were prepared separately by adding a 6% solution of potassium tellurate to a 4% solution of metal chloride (FeCl3 , CrCl3 or A1C13) with constant stirring until 
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Jnte rm ice lla rliq uid * K3F e (C N )e the precipitate just ceased to dissolve. The precipitate so formed in each case was peptised by adding respec tive metal chloride solution in excess. The sols so ob tained were dialysed in a parchment paper bag against running distilled water for several days until free from impurities.
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The conductance of each sol and the corresponding intermicellar liquid was determined on the lines sug gested by P a u l i (loc. cit.) and B a n s a l and C h a t u r -
The specific conductance of the sol without adding the electrolyte was determined at first. The dispersion solution (so called intermicellar liquid) having the same conductivity as the sol was also prepared ( B a n s a l and C h a t u r v e d i , loc. cit.). The amount of electrolyte required to coagulate the sol in one hour's time was at first determined by the visible surface separation method. After mixing this amount of the electrolyte with the sol the conductivity was determined at dif- with the values of the conductivities against time in both the cases. Similar experiments were performed to note the change in pH in both the cases and pH-time curves (Figs. 3, 4 and 5) were plotted. The changes in conductance and pH were studied from the curves to derive some conclusions regarding the mechanism of slow coagulation of sols. 
Observations and discussion
The interesting observations on the changes in conductivity and pH of the sols with respect to the intermicellar liquid, after addition of electrolytes, during the slow coagulation are as follows:
1. The pH of the sols instantaneously shoots up to the maximum on the addition of the electrolytes and then either becomes constant or shows a very gradual fall during the further period of slow coagulation. The intermicellar liquids show a gradual fall either from the beginning or after a small initial rise. W ith alum inium tellurate (both with sol and intermicellar liq u id ), there is a constancy in pH after the initial rise instead of a gradual fall. There is an appreciable d if ference in the pH of the coagulating sol and the corresponding intermicellar liquid having the same amount of the electrolyte.
2 . On adding the electrolytes, the conductivity instantaneously shoots up both in the case of the sols and the intermicellar liquids; yet there is an appreciable difference in the conductivity of the coagulating sol (sol + electrolyte) and the corresponding intermicellar liquid having the same amount of the electrolyte. The conductivity of the sol + the coagulating electrolyte is in all cases less than that of the corresponding inter micellar liquid coupled with the same amount of the electrolyte. The difference in the conductivity and pH of the two systems (i.e. sol + electrolyte and intermicel lar liquid + electrolyte) is obviously connected with the mechanism of coagulation.
T h o m a s et al. ' held the view that the increase in pH with the addition of a neutral electrolyte to the hydroxide sols of iron, chromium, alum inium , thorium, beryllium and zirconium was due to the replacement of OH groups by the anions of the ad ded salts. I y e r 8 postulated the presence of O H 0 and C le ions in the diffuse portion of the double layer and accounted for the change in the pH value as due to the displacement of O H 0 ions.
The above explanation does not appear to be probable from the X-ray studies of B o h m and co workers 9, F r i c k e and H a v e s t a d t 10 and later on of W e is e r and M i l l i g a n u . R a i and G h o s h (loc. cit.) ascribed the increase in p H to the adsorption of hydroxonium ions during the process of coagula tion. After a study of the coagulation of the hydrophobic sols by means of radioactive atoms G la zm a n , S t r a z h e s k o and C h e r v y a t s o v a 12 noted that the coagulation process is connected not only with the surface of the sol particles but also with the inner part of their electrical double layer.
As is well known, the peptising ions always show a relation to the material of the particles, they fit into the crystal lattice and it is just this fitting into lattice which makes the ions the potential deter m ining ions. Taking in view these facts, the structure of the colloidal units of ferric tellurate, chromium tellurate and alum inium tellurate sols may by represented as follows:
Cr2 (Te04) Thus implying that the positive charge and the stability of these sols are attributed to iron, chro mium and alum inium ions and H 3 ions which con stitute the fixed part of the double layer while chloride ions form the diffused outer layer. On the addition of the electrolyte the thickness of the double layer is decreased due to high pene trating capacity of anions (i.e ., the precipitating io n s). Hence, neutralisation of the charges on the surface of the sol particles takes place with the con sequence that a partly neutralised surface is formed. It has the tendency to adsorb such ions as are capable of producing the same electric charge as that of the colloidal unit ( R a i and G h o s h , loc. c it.).
Therefore, H 30 3 ions from the medium are ad sorbed on such surfaces increasing thereby the O H 0 ion concentration in the medium. Thus a sharp increase in pH of these sols is observed on the ad dition of electrolytes. The gradual fall of pH after wards may be attributed to the slow hydrolysis of FeCl;? or CrCl3 present with the sols as the stabi lising electrolyte as has also been observed in the case of the intermicellar liquid itself.
In a single binary electrolyte, the total conducti vity of the solution is the sum of the conductivities of the constituent ions. If, however, salts are added to polyelectrolytes, the total conductance of this arbitrary mixture of ions is observed to be not equal to the sum of the individual conductivities as measured in simple binary solutions; it is actually less. This has been shown experimentally and worked out theoretically by O n s a g e r and Fuoss 13.
Thus one of the factor for the lesser conductivity of the sol than that of intermicellar liquid both having the same amount of electrolyte may be the salt effect.
The conductivity of the sol becomes less than that of the intermicellar liquid both having the same amount of electrolyte may also be due to the fol lowing causes:
1. On addition of electrolyte to the sol thickness of the double layer is decreased whereby the elec trostatic attraction between the fixed and diffuse parts of the double layer is increased, resulting in a decrease in the mobility of the micelles.
Besides removal of the ions by coprecipitation 14 may also be responsible for decrease of the conductivity of the sol. A n increase in size and change in shape of sol particles will make for low mobility and conductivity.
2. Adsorption of the hydroxonium ions on the partly neutralised surface of the sol particles re sults in a decrease in concentration of hydrogen ions (in the form of H 30 i ions) which are more conducting than the O H 3 ions.
On addition of the electrolyte, the maximum changes in conductance and pH have been observed to occur immediately indicating that the phenomena like ion exchange, adsorption or surface neutralisa tion during slow coagulation are instantaneous pro cesses.
The conductivity studies of the sols, however, do not show any relationship between the growing size of the particles and the corresponding conductance of the system as should be expected from the fol lowing formula given by S m o l u c h o w s k i 1,5 4 71 rj v r(r+ ö ) u2 7 co = N < 5
where »' is the number of particles per ml., u is the electrophoretic velocity N is Avogadr o's num ber, >/ is the visvosity, d is the thickness of the
